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inves t iga t ion  I n t o  t h e  Effec t  of P a r t i c l e  Size and Apparent Bulk 
Density on Coke Structure  

Prof .  D r .  M. -Th. Mackowsky, Bergbau-Forschung GmbH, Essen-Kray, Germany 

i 

During t h e  pas t  t h i r t y  years ,  there  nas been a g r e a t  e f f o r t  i n  the  
science of coai  petrograpny which nas led  t o  tne use  of t h i s  science i n  t h e  
so lu t ion  of c e r t a i n  coking coa l  problems. T m  s p e c i f i c  works of F. L. Kuhlwein, 
E .  Hoffmann, E. Hoffmann, E .  Burs t le in ,  C .  Abramski, D .  W .  Van Krevelen, and 
many o thers  (1, 5 ,  9, 10, It)) siiow over and over t h a t  it i s  d i f f i c u l t  t o  take 
i n t o  considerat ion a l l  of t h e  influences which a f f e c t  t h e  carbonization of coal. 
Amosov and Eremin, Harrison and Siiapiro, Gray and Eusner (2 ,  7 ,  16) have i n  
t n e i r  work, wnich i s  based upon t h e  maceral ana lys i s  of seam coals ,  been able  
t o  a s c e r t a i n  experimentally t h e  optimum r a t i o  of t h e  reac t ive  t o  i n e r t  components 
i n  tile coa l  rank ran;;e between 16 and 40 percent v o l a t i l e  matter. 
were ab le  t o  der ive a s u i t a b l e  formula which w i l l  allow t h e  pred ic t ion  of tile 
coking stren&@n of a coa l  o r  coal blend, i n  terms of s t a b i l i t y ,  with s u f f i c i e n t  
accuracy fo r  use i n  the  pred ic t ion  of coke s t rength  c h a r a c t e r i s t i c s  of metal- 
l u r g i c a l  coa l  blends. T1.e assumptions necessary f o r  such a ca lcu la t ion  were a 
constant s i z e  cons is t  of the  coa l ,  as well  as a constant apparent dens i ty ,  and, 
of course, constant coking condi t ions.  However, a b i l i t y  t o  pred ic t  s t a b i l i t y  
is not completely useful  i n  every case. I n  the  Ruhr d i s t r i c t  of Germany, f o r  
exam?le, coals from numerous coal  seams w i t h  very d i f f e r e n t  rank c l a s s i f i c a t i o n s  
a r e  i n  t n e  feed a t  t h e  same time f r o m  one shaft i n s t a l l a t i o n .  Since t h e  feeds 
t o  such a coal product cannot be cnanged - due t o  operat ing technique and raw 
mater ia l  suppl ies  - it is d i f f i c u l t  t o  assure a constant coke qua l i ty .  

TLese workers 

I n  a s i t u a t i o n  such as tnat with t h e  R u h r  Valley coals ,  t h e  question 
a r i s e s  as t o  how, with a given r a w  .material s i t u a t i o n  and tiierefore a given 
maceral conposition of a coking coa l ,  t h e  q u a l i t y  of t h e  coa l  produced can be 
iniluenced by changing t n e  p a r t i c l e  s i z e  s t ruc ture  and/or the apparent bulk 
dens i ty  of t h e  coa l  charge. Preliminary work along t h i s  l i n e  has been published 
by Marshall and Harrison (13). Using t h i s  work as a bas i s ,  during the  l as t  year 
we :iave invest igated thoroughly the  e f f e c t  of s i z e  and apparerit b . d k  dens i ty  on 
tr?e coke s t ruc ture .  For t!?e purposes of t n i s  study, d i f f e r e n t  s i z e  cons is t s  of 
sear?. coals  were coked, varying t h e  bulk  densi ty  and keeping t h e  coking r a t e  as 
cons is ten t  as possible  under laboratory conditions. 

F i r s t ,  a very granular  coai ,  with an apparent bulk dens i ty  of 0, w a s  
ilsed. Tr:c SiLk dens i ty  of 0 w a s  assumed s ince ,  f o r  a l l  p r a c t i c a l  purposes, 
eac:. p a i n  w a s  coked alone wit!iout contact  with t h e  otners .  I n  a second s e r i e s  
of  experiments, ilsind a smali coking oven developed by H .  R i t t e r  and G. Juranek 

a3  spnarent bulk dens i ty  of approximately 0.5 was ilsed. The t h i r d  s e r i e s  
ilas coked usin;; t n e  d i ia tometer  with a very highly compressed coal  i n  which the  
. . a ~ e n t  c:2.k densi ty  was at;out 1. 
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The experimental r e s u l t s  w i l l  be discussed b r i e f l y  i n  order t o  %ow 
t h a t  such research can produce a worth-while complement t o  tr.e work of imosoi  
and Eremin ( 2 )  on one hand, and t o  t h a t  of Shapiro, Gray and Eusner (15, i6) 
and Harrison ( 7 )  on the  o ther  hand. For t h e  s ized coals ,  tne screen s i z e s  of 
5 t o  3, 3 t o  1, 1 t o  0.5, 0.5 t o  0.2, and minus 0.2 millimeter were used on 
coals  from seams with v o l a t i l e  matter contents of from 15 t o  3 7  percent. On 
t h e  b a s i s  of petrographic ana lys i s ,  t h e  r a t i o  of the react ive t o  i n e r t  components 
was  calculated. The d a t a  f o r  a l l  t h e  samples examined are summarized i n  Figure 
1. Figure 1 shows t h a t  i n  o ther  than sample 1 (with 31.7 percent v o l a t i l e  
mat te r ) ,  the  r a t i o  of t h e  r e a c t i v e  t o  the  i n e r t  component i n  t h e  screen s i z e  
5 t o  3 millimeters and the  screen s i z e  less than 0.2 millimeters is approximately 
equal, o r  perhaps a l i t t l e  la rger ,  than i n  the  f i n e r  Ei-ained mater ia l .  This  
ind ica tes  c lear ly  t h a t  a poorer coking capaci ty  is  s u r e l y  not caused by maceral 
composition but can only b e  caused by the  g r a i n  s i z e .  

The individual  screen s i z i n g  of coals of d i f f e r e n t  stages of  c o a l i -  
f i c a t i o n  were examined when coked, and t h e  proportion of  pore-showing gra ins  
w a s  determined quant i ta t ive ly .  From Figure No. 2, it appears that i n  t h e  screen 
s i z i n g  of 5 t o  3 millimeters, a l l  p a i n s  - independent of t h e  s tage of c o a l i -  
f i c a t i o n  - possessed degassing pores. 
degassing pores are q u i t e  d i f f e r e n t  i n  coals  of d i f f e r e n t  s tages  of coa l i f ica t ion ,  
as shown i n  Figure No. 3. With increasing f ineness  of s i z e  cons is t ,  the  propor- 
t i o n  of pore-showing g r a i n s  becomes smaller. The decrease i n  the  pore-showing 
gra ins  is espec ia l ly  g r e a t  in t h e  poorer coking coals (Samples 1 and 5 ) ,  while 
t h e  decrease becomes apparent i n  t h e  good coking coals only i n  t h e  screen s i z e s  
under 0.5 millimeters. The b a s i s  f o r  t h i s  reduced pore s t ruc ture  with decreas- 
ing  screen s ize  is  tha t  a degassing pore can only evolve i n  t h e  temperature 
range of t h e  p l a s t i c  zone when t h e  gas volume set f r e e  b y  t h e  decomposition i s  
l a r g e r  than the  gas volume escaping a t  the  same time from t h e  i n t e r i o r  of t h e  
g r a i n  by diffusion.  Consequently, there  is an excess pressure i n  t h e  I n t e r i o r  
of t h e  grain,  and a t  t h e  same time a pressure drop from the ins ide  t o  t h e  out -  
s i d e  of t h e  grain.  Since i n  the smaller gra ins  t h e  d i f fus ion  route  and, there-  
f o r e ,  t h e  d i f fus ion  res i s tance  i s  smaller, fewer degassing pores w i l l  result i n  
small grains .  

However, t h e  s i z e  and shape of  these  

/ 

In  another inves t iga t ion  series, shown i n  I l l u s t r a t i o n  No. 4, the  pore 
count per grain and the mean pore s i z e  diameter were ascer ta ined f o r  each of t h e  
d i f f e r e n t  screen s i z e s  ( I l l u s t r a t i o n  No. 5) .  
mean pore diameter were ascer ta ined  because it was thought that t h e  mean pore 
diameter is  not only dependent on g r a i n  s i z e ,  bu t  is pr imari ly  dependent upon 
t h e  degree of c o a l i f i c a t i o n  and is, therefore ,  re la ted  t o  the sof tening capaci ty  
of t h e  coals .  I n  t h e  smaller screen s i z e s  of the bes t  coking coals ,  t h e  l a r g e s t  
pore diameter is shown, and consequently, t h e  smallest number of pores per  
grain.  
v o l a t i l e  matter content of t h e  i n i t i a l  coal .  The pore s i z e  is probably dependent 
upon t h e  gas volume s p l i t  off i n  t h e  p l a s t i c  zone and the  v i s c o s i t y  of t h e  
p l a s t i c i z e d  coal, and perhaps also t h e  permeability of the  coa l  when i n  a p l a s t i c  
state. If these assumptions are cor rec t ,  then a low v iscos i ty  m e l t  might have a 
poorer gas permeability than a coa l  with a high v iscos i ty  melt. 
work has not progressed f a r  enough t o  provide experimental da ta  on tnese assump- 
t ions .  
coals examined, bu t  a l l  screen s i z e s  of a n  individual  coa l ,  it appears that i n  

The pore count per  gra in  and the  

Therefore, pore size and pore count are not i n  d i r e c t  r e l a t i o n  t o  t h e  

However, t h e  

If one were t o  consider  no t  only t h e  small screen s i z e s  f o r  each of the  
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coals  with 37.1 percent v o l a t i l e  matter and 20.6 percent v o i a t i i e  matter, tr le 
mean pore diameter from t h e  coarses t  t o  t h e  f i n e s t  s izes  decreases  approximately 
one-half. In  coals  wi th  15.1 percent v o l a t i l e  matter, t h e  pore diameter remains 
p r a c t i c a l l y  constant, only t h e  pore count per  gra in  is changed. 
hand, i n  good coking coals ,  the  mean pore diameter f a l l s  o f f  oniy from one-sixth 
t o  one-tenth of the  value of the coarses t  screen s ize .  An explanat ion of t n i s  
phenomenon does not seem t o  be possible  on the  b a s i s  of a microscopic anaiysis .  
Therefore, a systematic physical-chemical invest igat ion became necessary. How- 
ever, it should be pointed out t h a t  it is conceivable t h a t  i n  good coking coais 
i n  which a r e l a t i v e l y  s t rong  degassing occurs i n  the p l a s t i c  zone, t h e  r a t i o  of  
t h e  volume of re leased gas t o  that  car r ied  off  by way of d i f f u s i o n  s h i f t s  more 
s t rongly than i n  coals  which have low degassing i n  the p l a s t i c  zone, and a t  the  
same t i m e  a proport ionately higher v i s c o s i t y  of t h e  p las t ic ized  Coal. 

On tne  otiier 

I n  order  t o  attempt t o  explain the occurrence of t h e  undesirable sub- 
l imat ion phenomenon i n  t h e  coking process, t h e  idea of t h e  s t rong  s h i f t  of the  
r a t i o  of re leased gas volume t o  t h e  d i f f u s i o n  gas volume i n  good coking coa l  was 
tes ted  by coking and determining t h e  mean coal  gra in  diameter before  and a f t e r  
coking. For these  experiments, o n l y  t h e  screen s i z e s  under 1 mil l imeter  could 
be used, s ince only i n  these  s i z e s  were there  a s u f f i c i e n t  number of gra ins  t o  
allow a s t a t i s t i c a l  evaluat ion of the  resu l t ing  da ta .  The results are shown on 
I l l u s t r a t i o n  No. 6. It must be s t a t e d ,  however, that i n  t h e  microscopic de te r -  
mination of the  mean g r a i n  diameter, the  values of diameter were always t o 3  
small, s ince the  coal  gra ins  w e r e  cu t  randomly and were not always c u t  i n  t h e  
plane of t h e  l a r g e s t  g ra in  diameter. However, the  results a r e  useful s ince the 
raw material and the  end product w e r e  examined by  exac t ly  the  same method. 
Screen analysis  d id  not e n t e r  i n t o  the  question, because the  screened mater ia ls  
presented only sma l l  changes i n  the  mean gra in  diameter, and the mechanical resis- 
tance of t h e  swollen granular  coked material was so low that it had t o  be measured 
without screening because of t h e  induced breakage by screening. I l l u s t r a t i o n  
No. 6 shows the  v a r i a t i o n  i n  g r a i n  diameter of t h e  three screen s i z e s  r e l a t e d  t o  
t h e  stages of c o a l i f i c a t i o n .  If one disregards t h e  results of t h e  sample with 
32.5 percent v o l a t i l e  mat ter ,  it i s  obvious t h a t  f b r  t h e  grain s i z e s  1 t o  0.5 
millimeter, t h e  mean gra in  diameter of t h e  coke samples c l e a r l y  increases  up t o  
the range of 20 percent v o l a t i l e  mat ter  and then decreased again.  I n  t h e  f i n e s t  
screen s izes ,  it cannot be s a i d  t h a t  there  i s  a clear increase of t h e  mean gra in  
diameter f o r  t h e  coke sample. This  d i s t i n c t  behavior of the  screen s i z e s  of a 
coal  has the  same cause as t h e  pore s t r u c t u r e ,  t h a t  is, t h e  r a t i o  of gas volume 
released i n  a uni t . t ime t o  the  gas volume d i f fused  out i s  t h e  reason f o r  t h i s  
phenomenon. 

The d i f f e r e n t  behavior of t h e  s ized  grains  ( f o r  example, t h e  gra in  
s i z e  between 1 and 0.5 millimeters) with a n  increasing s tage  of c o a l i f i c a t i o n ,  
is  explained i n  the following manner. 
t h e  swelling of the  coa l  caused by the pore formation i s  compensated f o r  by a 
shrinking phenomenon, following p l a s t i c  s t a t e .  As  a rough s impl i f ica t ion ,  it 
can be sa id  t h a t  the shr inking property of a coa l  decreases with increasing 
s tage of coa l i f ica t ion .  Strong swel l ing i n  conjunction with a low shrinkage, 
o r  after-shrinkage, leads t o  a d i s t i n c t  problem which can result i n  t h e  d i f f i -  
c u l t  working of a coking oven. The decrease of bulk dens i ty  assoc ia ted  with a 
l a r g e r  gra in  s i z e ,  which is often undesirable, a f f e c t s  the oven pressure less 
tnan has often been supposed. It is possible ,  by the  addi t ion  of  o i l  t o  the  
coal, t o  raise t h e  i n i t i a l  value of  bulk dens i ty  of the  coal .  This  is essen-  
t i a l l y  the same as gr inding the  coal  t o  a f i n e r  s i z e ,  and w i i i  lower tne o-ien 
pressure without t h e  necess i ty  of doing anything more t o  the  coal .  

I n  t h e  various c o a l i f i c a t i o n  s tages ,  
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I t  is possible  t h a t  the l e s s e r  shrinkage of a coal  with a grea te r  
stade of c o a l i f i c a t i o n  can be  explained by t h e  changes i n  the  microstructure 
or tne  coal .  
tne  c o x s e  o f  the second phase of t h e  coa l i f ica t ion ,  t h e  s p e c i f i c  concentration 
and t:ie degree of order  of t h e  condensed r ing  systems contained i n  the  coal  
increases .  This means tnat with increasing degree o r  s tage of c o a l i f i c a t i o n ,  
t.ie d i s tance  of t h e  aromatic lamella  from each other  becomes smaller. I f  the  
d is tance  of  t h e  aromatic lamella from each o ther  is made equal  t o  t h e  t h e o r e t i -  
c a l  maximum shrinkage capaci ty ,  it is comprehensible t h a t  coals with 20 percent 
v o i a t i l e  mat ter  w i l l  have less shrinkage than coals with 30 percent or more 
v o l a t i l e  components. 
volume increase of t h e  gra ins  of t h e  1 t o  0.5 millimeter s ize  range decreases 
again i n  coking, so it can b e  sa id  t h a t  these coals with a low swelling w i l l  
o f f s e t  t h e  capaci ty  of poor af ter-shr inkage.  

Through the  inves t iga t ions  of Hirsch (8) it is known t h a t  i n  

In  a coa l  with less than 20 percent v o l a t i l e  matter, the  

The s t rong increase i n  t h e  mean grain diameter of  t h e  screen s i z e  
1 t o  0.5 mil l imeter  of a c o a l  with 32.2 percent v o l a t i l e  matter cannot be  
explained on the b a s i s  of t h e  re la t ionships  heretofore discussed. I n  t h i s  
screen s i z e ,  the r a t i o  of reac t ive  t o  i n e r t  i s  10 t o  1, and is  e s p e c i a l l y  high. 
It  does not  appear possible  t o  f ind  an explanation of t h e  high volume increase 
with the help of a maceral ana lys i s .  It  can be surmised that  i n  t h i s  type of 
coa l  t h e  aromatic lamella are b e t t e r  arranged, and t h i s  should manifest itself 
i n  a normally higner re f lec tance  anisotropy. This, however, could not be es tab-  
lishea, and there  must be f u r t h e r  research i n t o  why t h e  otherwise ascer ta inable  
r e l a t i o n s h i p  between the  degree of c o a l i f i c a t i o n  on t h e  one hand and the swelling 
on the  o ther  hand could not be  determined by comparison of t h e  same p a r t i c l e  
s i z e s  . 

I n  the second experimental s e r i e s ,  coal  samples with d i f f e r e n t  s tages  
of c o a l i f i c a t i o n  were again coked i n  the  experimental furnace of Ri t te r  and 
Juranek. For t h i s  s e r i e s ,  bu lk  d e n s i t y  was held constant. Working on the  con- 
s t a n t  bu lk  dens i ty  b a s i s ,  it was not  possible  t o  coke the individual  screen s i z e s  
as separa tes ,  but r a t h e r  a m i x t u r e  of the  following composition was establ ished:  

Millimeters Percent 

Screen Size  - 5 t o  3 - 20 
- 3 t o 1  - 30 - 1 t o  0.5 - 30 
- 0.5 t o  0.2 - 10 
- under 2 - 10 

! 

11 

, 

Since the  coked sample could be sectioned as a whole, d a t a  became 
poss ib le  i n  t h i s  experimental s e r i e s  on the  var iable  conditions of individual, 
d i f f e r e n t  s ized p a r t i c l e s .  The r e s u l t s  of the f i r s t  series were confirmed 
q u a i i t a t i v e l y  i n  t h e  second series. Quant i ta t ively,  a few noteworthy differences 
were determined. The g r e a t e r  t igh tness  of packing causes the  p a r t i c l e s  t o  cement 
to,et:?er, s ince  they tend t o  swel l  s t rongly during the formation of the  coke. 
Cwing t o  tr.is cementing, t h e  p a r t i c l e s  a re  l imi ted  i n  t h e i r  swel l ing capacity. 

' I  
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This results i n  c l e a r l y  lower mean pore diameters, e s p e c i a l l y  i n  the  f i n e r  
p a r t i c l e s ,  with a lower pore count per  p a r t i c l e .  
deformation can work out favorably i n  the r e l a t i o n  of swel l ing t o  after- 
shrinkage. However, t h i s  does not imply t h a t  i n  a l l  cases t h e  coals  known 
as "dangerous oven pressure producing coals" are re la ted  t o  a l a r g e r  grain 
s ize  cons is t  because t h i s  series of tests showed t h a t  there  i s  apparent ly  no 
grea te r  oven pressure r e l a t e d  t o  an increase of t h e  mean gra in  s i z e  p a r t i c l e  
diameter. Di rec t  measurement of the  oven pressure cannot be undertaken i n  
t h e  small experimental equipment. 

This  lower p o s s i b i l i t y  of 

I n  t h e  t h i r d  experimental series, an ul t ra-high t igh tness  of packing 
(apparent bulk dens i ty  about 1) was used. 
confirmed t h e  results of t h e  first s e r i e s  s o  far  a s  the  coa l  samples were 
examined. 
t h e  results of the  f i r s t  experimental series because of t h e  very high t ightness  
of packing. 
ing. The pore formation set i n  general ly  only after t h i s  cementing. The cement- 
ing w a s  again demonstrated t o  be more i n  t h e  coarse p a r t i c l e s  than i n  the  fine 
p a r t i c l e s .  However, the mean pore diameter, and a l s o  t h e  pore count per p a r t i c l e ,  
were c l e a r l y  reduced i n  comparison t o  those of t h e  f irst  two experimental series, 
s o  t h a t  one could no longer  properly speak of a normal coke s t r u c t u r e ,  espec ia l ly  
i f  coa ls  of a very high o r  low s tage  of c o a l i f i c a t i o n  w e r e  charged. This again 
is t raced back t o  the  f a c t  t h a t  w i t h  an apparent bulk d e n s i t y  as high as was used 
i n  t h i s  t h i r d  series, t h e  pore formation combined with an increase i n  volume of 
the  p a r t i c l e  is only possible  if t h e  whole coke but ton  w a s  deformed. Therefore, 
an e s s e n t i a l l y  higher i n t e r n a l  gas pressure is necessary f o r  t h e  deformation of 
t h e  whole sample than f o r  the deformation of a s ingle  p a r t i c l e ,  or f o r  the deform- 
a t i o n  of p a r t i c l e s  i n  a r e l a t i v e l y  loose charge (an apparent bulk dens i ty  of O - S ) ,  
i n  which, even a f t e r  the  cementing of the  p a r t i c l e s  together ,  there  s t i l l  remains 
t h e  p o s s i b i l i t y  of swelling i n  t h e  r e l a t i v e l y  l a r g e  s p a t i a l  voiurne. 

As before, t h e  results of t h i s  series 

Quant i ta t ive ly ,  the  experimental results were again d i f f e r e n t  from 

T h e  p a r t i c l e s  cemented together  immediately a t  t h e  s tar t  of sof ten-  

I n  I l l u s t r a t i o n  No. 7, th ree  cokes from t h e  three  experimental series 
are compared. The i l l u s t r a t i o n  shows c l e a r l y  the  d i f fe rence  i n  mean pore d i a -  
meter and the  pore count per  p a r t i c l e .  Further, it is  apparent t h a t  i n  t h e  very 
l o w  and t h e  very high bulk dens i ty  charges there  is no normal coke s t r u c t u r e  
formed . 

I f  conclusions usable i n  prac t ice  a r e  t o  be drawn from these three  
experimental s e r i e s ,  one conclusion is t h a t  crushing a coa l  too f i n e  can lead 
t o  a lowering of coke qua l i ty .  I n  good coking coal ,  p a r t i c l e s  under 0.2 m i l l i -  
meter are too f i n e ,  and with poor coking coals ,  p a r t i c l e s  under 0.5 millimeter 
appear t o  be too f ine .  A" these s i z e s ,  t h e  pore formation necessary f o r  coke 
formation is grea t ly  reduced and i n  many cases is completely absent. On t h e  
o ther  hand, the results a l s o  show that too high a proportion of coarse p a r t i c l e s ,  
( p a r t i c l e s  between 2 and 3 mill imeters)  espec ia l ly  witn a very good coking coal, 
iead t o  a very porous ccke whose s t rength i s  not s a t i s f a c t o r y .  Further ,  it can 
be snown from t h e  three  expermenta l  s e r i e s  that a high dens i ty  packing ( t h e  
ni;- buik dens i ty)  does not pos i t ive ly  lead. t o  an increase i n  t h e  s t rength  of 
ccke, s ince w i t h  a buik dens i ty  of about one, a good ccke s t r u c t u r e  can no longer 
be formed. 

I 

- I  
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._ q-7 5 1  6-1 
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Illustration No. 1. The Ratio R / I  for the Coal Charge for 
Granular Coking, Distributed According to Screen Size 
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100 
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aa 
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3.8 

4.9 

5.3 

9.0 

6.1 

Illustration No. 2. Portion of Coked Screen Sizes i n  Particles With 
Degassing Pores (fusite and mineral-free coking material) 
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I l l u s t r a t i o n  N o .  4. Pore Frequency p e r  P a r t i c l e  i n  
P a r t i c l e s  With Degassing Pores 
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I l l u s t r a t i o n  No. 5. Mean Pore Diameter i n  rn 
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0.55 

0.50 

'0.45 

0.40 

0.35 

0.30 

0.25 

0.1c ' I I 

I 1 

Sieve Size 

1-0.5 mm 

1.5-0.2 IBIII 

: 0.2 m 

1c 20 30 ($I 1 40 

VOLATILE COMPONENTS OF VITRINITE, WATEH AND A S H  FRE% 

Bergbau-Forschung, 1962, TR 171 

Illustration No. 6. Particle Diameter of the Granular Coking Material 
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Untersuchungen iiber den Einf luB von KorngroBe und Schu t tgewich t  

auf d i e  Koksbildung 

Prof. D r .  M.-Th. Mackowsky, Bergbau-Forschung GmbH, Essen-Kray 

I n  den vergsnzenen 33 Jeiiren h a t  e s  n i c n t  ~n Versuchen g e f e - l t ,  
d i e  j edeu tung  d e r  ~ ~ 0 ; i l e r p e t r o g r a p h i e  f Ur Verkokungs2robleae 
h e r a u s z u s t e l l e i ? .  3 s  s e i  I l l e r  Eur 6s d i e  k r b e i t e n  von F. L. .3iiil- 

w n i y ,  U i .  3. soffmann, :<. .-:cf<:xnn, 3 .  S u r s t l e i n ,  C. I 'ora:r,ski, g:,!. 

var? !:revelen u.v.a. e r i n : i e r t  ( 1 ,  3 ,  9, 10, 19). I n  d i e s e n  h r b e i -  
t e n  z c i 2 t  s i c h  immer x i e d e r ,  d a 4  e s  s e h r  schirrierig i s t ,  d i e  
B i e l f a l t  d e r  3 i n f l 9 s s e  i n s g e s a x t  zu b e r i i c s s i c h t i g e n  und dennoch 
zu Klnr uberschaubaren Zrgebnissen zu komen .  Amosov; Eremin, 
Harrison, Schag i ro ,  G-r?.y und Sw.sier (2, 7 ,  16) ha'oen nun den Ver- 
such unt  ernomnen, s u s  ;&en3 von d e r  Xaze r s l ana lyse  v e r s c h i e d e n  
!io ch i n k  on1 t e r 31 3 z II oh 1 e?; d L s o 2 t irna 1 e Ve r h.21 t x i  s v o  n r e  ak t i v  e n 
zu i n e r t e n  G e s t a i d t e i l e n  in Inkohlungsbere ich  m i s c h e n  etwa 
40-16 P l u c h t i g e n  J e s t a n d t e i l e n  e x p e r i m e n t e l l  zu e r m i t t e l n  una 
ansch l i eQend  Forrqeln a u f s a s t e l l e n ,  n i t  de ren  R i l f e  auch Ssi Tor- 
1 i e !< em v o n :< oh 1 e in i s c hu.:.i, :, ? i? d i e lio K s f e s t i g k e i t m i  t b ef r i e d i Q e n d e r 
Genaui,z:ieit e r r e c h n e t  -uerdc i l  kann. Bufg-und d i e s e r  i r b e i t e n  i s t  
e s  mijglich geworden, d.ie r o h s t o f f l i c h e  Zusxmense tzJng  e i n e r  Xoka- 
kohle ohne ZusStze zu v e r l e s s e r n .  Vorraasse tzucg  fiir d e r a r t i g e  
Berechnun,en i s t  e i n  k o n a t a c t e r  K~rnungsaufbau  d e r  K o I d e ,  e i n  
Bons tac tes  s cn5 t tgewich t  mc! s e l S s t v c r s t 2 n d i i c b  k o n s t s n t e  Ti'er- 
kokungsbedingungen , els o y l e  ich'ol e ibem2e de i z zugs t e:?peratur. und 

d a m i  t $1 e i ch b 1 e i h e  nd. e r L7 e r i r  okung s 1 o r t s c iir i t t , -::e nn i n  i;o K s e, f en 
g l e i c h e r  j.usmessun2, v o r  5!1ez gleic';,er K a m e r b r c i t e  ve rkok t  ;:.ir-?. 
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z a n l r e i c h e  F loze  m i t  r e c h t  vcrscl iedenen!  1nkohlun;;sgrad s u f  e i n e r  
Schach tan lage  zug le i c l i  i l l  PYrderung s ind .  I h r  PGrde ran te i l  ksnil 
aus  b e t r i e b s t e c h n i s c h e n  und r o h s t o f f l i c h e n  Griinden n i c h t  i n  wei ten  
Grenzen v e r a n d e r t  werden, dz dann, a u l  l ange  S i c h t  Sesehen, e i n e  
g l e i c h b l e i b e n d e  K o k s q u a l i t 2 t  n i c h t  zu g z r a n t i e r e n  1st. 9 e i  e i n e r  
d e r a r t i g e n  S i t u a t i o n  gevvi-mt d i e  Prage ,  wie b e i  gegebener r o h s t o f l -  
l i c h e r  S i t u a t i o n ,  a l s o  ;;egebeiier Yiszeralzusanmensetzung und gege- 
bene r  inkohlungsmafiiger 'Zusmmensetzung d e r  Kokskoiile d i e  Koks- 
q u a l i t a t  durch Veranderung des  Kcirnungsaufbaus und des  IjchLittge- 
w i c h t s  beeinfluI3t werden kann. hhn i i che  Ideen  wurden auch schon 
v o n ' X a r s h a l 1  und H a r r i s o n  geku8er t  ( 1 3 ) .  iius d i e s e n  Grunde haben 
w i r  i n  den l e t z t e n  J a h r e n  i n  verstarkter.i, ,iaBe den EinfluB von 
Kornung und Schi i t tgewicht  auf d i e  Koksbildung u n t e r s u c h t .  Zu diesem 
Zweck wurden ve r sch iedene  S i e b s t u f e n  oder  auch ve r sch iedene  Lor- 
nungen von F lozkohlen  i n  u n t e r s c h i e d l i c h e r  Packungsdich te  b e i  
annahernd g le ichem V e r k o k u n g s f o r t s c h r i t t  i m  Laboratoriurnsmai3stab 
v e r k o k t  . 'r3ei d e r  sogenannten SGracularverkokunq wurde n i t  e i n e a  
Schu t tgewich t  von 0 g e a r b e i t e t ,  da  p r a k t i s c h  j e d e s  Korn ,  ohire d a s  
ande re  zu ber i ihren,  a l l e i n  verii-okt wurde. In  e i n e r  zwei ten  ?er- 
s u c h s s e r i e  wurde i n  den von H. :Tit ter 2nd G. J u r s n e k  ( 1 4 )  entwickel-  
t e n  k l e i n e n  Verkokungsofen b e i  einem Schut tgewicht  von etma 9,5 
g e a r b e i t e t  und i n  d e r  d r i t t e n  Versnchsre ihe  i n  j i l a t o a e t e r  I n i t  

h o c h v e r d i c h t e t e n  Kohlen, a e r e n  Schut tgewicht  etwa b e i  1 la$z. 

In fo lgenden  s o l l e n  niln ku rz  d i e  Tersuchsergebnisse  bcs:;rozcen 
werden, um zu z e i g e n ,  da5  d e r z r t i g e  Untersuchungen g e g e b e n e n f i l l s  
e i n e  w e r t v o l l e  3rgg.nzung d e r  j i r u e i t e n  von !iaosov unci xremin ( 2 )  
e i n e r s e i t s  und von Schap i ro ,  ,>ray, Zusner ( 1 5 ,  1 6 )  und Har r i son  (7) 
a n d e r e r s e i t s  d a r s t e l l e n  kaniien. Y i i r  d i e  >ranularverxolcuns vwrden 
d i e  S i e b s t u f e n  5-3, 3-1, 1-0,5, 0,5-0,2 und un'ler 0 ,2  r m  8 . u ~  FlBzen 
zwischen 37-1 5 F l i i ch t igcn  3 e s t a n d t e i l e n  u n t e r s u c h t .  k u f p u n d  von 

' ,  Mazera lana lysen  wurde d e r  :;uoti,ent r e a k t i v e  zu i n e r t e n  Bes t and te i -  
l e n  e r r e c h n e t ,  d e r  fur e l l e  u n t e r s u c h t e n  Proben i n  Abb.-Nr. 1 

zusammenges te l l t  i s t .  Die .Abb,.-Xr. 1 z e i g t ,  d a B  abgesehen von Probe 
1 m i t  3 7 , l  $ Fl i i ch t igen  B e s t z n d t e i l e n  i. waf. d e r  Quo t i en t  R / I  i n  
den S i e b s t u f e n  5-3 mn und u n t e r  0,2 anngihernd g l e i c h  oder  i m  

' I  

' I  

I 

' I  



! 

.>. 'Pein'.  s oga r  grol3er i s t ,  s o  d.2-13 e i n  s c h l e c h t e r e s  Verkokunzsver- 

!2os;en i m  .Ec'ei'nkor.- s i c h e r  n i c h t  durch d i e  -azeralzusamrr,ensetzun~ 
'ue:.iirkt w i rd ,  sondern n u r  durc!? d i e  Lorngr62.e. 

9 i e  e inze lnen  , s iePs tufen  <.er ?li?ze ve r sch iedenen  Inkohlungsgrades  
ivurden nach d e r  ~ronularver~co:.ung u n t e r  v e r s c h i e d e n s t e n  Zes i ch t s -  
punlrten u n t e r s u c h t .  -11s 1. v!u.rde d.er i i n t e i l  an  porenzeigenden 
Kornern q u a n t i t a t i v  e r x i t t e l t .  LAIS d e r  !Yi 'o.-h-.  2 g e h t  h e r v o r ,  daR 
in d e r  . i i e b s t u f e  5-3 .mi a l l e  $-5rner unabli&igiz vom Inkohlungsgrad 
Antqasungsporen au fae i sen .  &e Sroi3e und Form d i e s e r  i n tgasungs -  
poren i s t  jedoch, -iiie &b.-i,'i-. 3 s e i g t ,  i n  den ve r sch iedenen  Inkoh- 
1 uii g s b e r e  i c i? e n v e r s c h i  e d e '3. I.:i t zun e lime nd e r Ko r n  f e i nh e i t w i r d d e r 
A n t e i l  an porenzeigenden Kornern k l e i n e r .  Diese  Abnahme ist beson- 
d e r s  stark b e i  den s c h l e c h t e r  kokenden Xohleg(2robe 1 und 5 ) ,  v31- 
rend  s i e  s i c h  b e i  5 e n . g u t  verkokbaren Kohlen zwischert 30 und 25 :'. 
Fl i ich t igen  B e s t s n d t e i l e n  erst i L n  K o r n  u n t e r  !3,5 mm d e u t l i c h  beiierk- 
bar vach t .  .Oer ,.ii-~)nd FLir 5 i e o e  ve r r r i rde r t e  Porenb i ldunz  illit sinken- 
d e r  Korqzr32e i s t  s a r i n  zil seken, da5 e i n e  Xntgasungspore nur  dann 
e n t s t e h e n  kann, aenn i m  "2:,il;eraturbereic1?oere~c~ d e r  p l a s t i s c h e n  Zone d i e  
i n  5 e I- 5 e i t e i r.?; 2 i t dur c h Z. '3 i- 3 e t zuflg f r 3 i ne  r d e i?d e 
i e t  als d i e  i n  2.31- &eichen  Z e l t  voti Korn in ie rn  durch  D i f f u s i o n  
en tae izhende .  :?.UP d i e s e  , e l s e  %ozxt c s  ZL: einern L-'oerdrucpi i r n  :<om- 
i n n e r n  und zug le i zh  z ~ i  ? i n s 1 2  >ruck,;of4lle u)n innen  nach aueen. % 

b e i  i l e i n e n  iC5rrierii d e r  :Oif?usions.,veg ur?d darnit aucn der Dif fus ions -  
:vidersta.nd k l e i n a r  i s t ,  ei:it.;tehen i n  k l e i n e n  Kornern 7,venig:er 3n t -  
gzsuc;q;mren 21s i n  ~:;rji3ereri. I n  m e i t e r e n  U n t e r s ~ . c ~ u n g s r e i h e n  :.:urde, 
wie d i e  : k > b . - ~ < r d  zc.i.zt, d i e  Porenzahl  :Jro Xorn und d e r  (flitt1cI-e 
:'or ~ : ~ Q u r c h ! x  :5 s 31- i n  5e:i ver 3c r i i  ederien S i  e'o s t u f  en e r n i  t t e l  t (Sb'o . -Sr .5>. 
dz 7rerrJte.t wurde, ds:? vor  ai.lle!n d e r  r f i i t t l e r e  Porendurchinesser 

.. . 

sae  ng e c r  5 3 e r 

. .  

.. . 

.. . 
m j - ; i t  --- ., . >_,Ji_..; T ~ : . - n P l ' "  - "---",I:?. ' ' :< ?-,?t,, ' solider- v o r  a l l e m  abhgngig voa 

~rweic27_ungsver:ni;gsn der Kohle. &us 
'5:? ist ZL? . ~ ~ ~ ~ . : ~  &!f i q  d e n  j<leinen S i e b s t u f e n  i.=ger 

i t  d i e  kl:?5..:izte isre:.?zahl j e  K o r n .  PorengroSe und 
1 ste:?en d s o  iilclit; ic d i r e k t 2 r  Lexiehung zun Gehal t  a n  

cskohle. Die 2 o r e n g o i j e  i s t  



a l l e r  vfahrsche in l ichkei t  nach i n  e r s t e r  L i n i e  v m  5 e r  i n  d e r  p l e s t i -  
schen  Zone abgesga l t enen  Gasirienge, d e r  Visk0sitZ.t  d e r  e rwe i s r?en  
Kohlen und v i e l l e i c h t  auch  von d e r  Pe rmeab i l i tR t  d e r  Xohlcn i,? 

p l a s t i s c h e n  Zustand abh2:n;;ig. Sind d i e s e  Vernutungen r i c h t i g ,  dafiii 

miiate e ine  n i e d r i g  v i s k o s e  Sc'.melze e i n e  s c h l e c h t e r e  Gasdurcnlsss iz -  
k e i t  haben a ls  e i n e  hochviskose .  LiierfSr l i e g e n  jedocl., noch lceine 
expe r imen te l l en  E r g e b n i s s e  vor .  Lietrachtet  inan nun n i c h t  n u r  d i e  
k l e i n e n  S i e b s t u f e n  f u r  a i l e  u n t e r s u c h t e n  PlozkoMen sondern a l l e  
S i e b s t u f e n  e i n e r  e i n z e l n e n  Roiile, s o  z e i g t  s i c h ,  ds13 be i  den Kohlen 
n i t  3 7 , l  und 29,6 -; Fl i i ch t igen  3 e a t a n d t e i l e n  d e r  z i t t l e r e  Eoren- 
durcPfiesser von d e r  -:rY5stei?. z u r  f e i n s t e n  S i e b s t u f e  auf  etwa. den 
h a l b e n  !:ert fiillt. .:ei i e r  Konle ?-it 1 5 , l  P luch t igen  S e s t a n d t e i l e n  
b l e i b t  e r  p r a k t i s c h  k o n s t a n t ,  :ds a n d e r t  s i c h  nur  d i e  Porenzahl  j e  
Korn. 3 e i  den gut  kokenden Kohlen s i n k t  d e r  m i t t l e r e  Porendurchmesser 
dagegen v o n ' l / 6  b i s  1/16 3.es - ; ier tes  f u r  d i e  grobe S i e b s t u f e .  Zinc 
Zriclarung d i e s e s  PliBnomens i s t  aufgrund d e r  mikroskopischen Analyse 
n i c h t  moglich.  FTierfGr s i n d  sgs t ema t i sche  physikalisch-chemische 
Untersuchungen e r f o r d e r l i c h .  3s 1st jedoch denkbar,  dai3 b e i  den g u t  
kokenden ,Kohlen, b e i  del-len e i n e  verh2ltnisriiaAig starke Entgasung 
i n  d e r  p l a s t i s c h e n  Zone s t a t t f i n d e t ,  s i c h  d a s  V e r h a l t n i s  von f r e i -  
werdender zu iiber B i f f u s i o n  a b t r a n s p o r t i e r t e r  Gasnenge s t g r k e r  
v e r s c h i e b t  a l s  b e i  den i iohlen'  mit g e r i n g e r  "ntgasung i n  d e r  
p l e s t i s c h e n  Zone und z u g l e i c h  verh%ltnisnSMig hoher V i s k o s i t a t  d e r  
e rwe ich ten  Kohle. 

Als l e t z t e s  wurde i m  ZusaL.a;ed?ang m i t  d e r  Branularverkokung i?och 
v e r s u c h t  , d i e  Ver3niieruns d e r  m i t t l e r e n  Korndurchrnesser durch  d i e  
Verkolrung zu e r m i t t e l n ,  um auf d i e s e  Ceise  e i n e  d rk la rung  fiir das 
Auf t r e t e n  von unerwBnschten 2 re ibe r sche inungen  b e i  dem ;ierKo-kwngs- 

prozeB zu geoen. Piir d i e s -  Urr:ersuchun~en konnten nur  d i e  S i e o s t u f e a  
u n t e r  1 mn herangezogen we.r.den, da nur  b e i  ihnei: e i n e  a u s r e i c h e n i e  
Anzahl von IGjrnern Fir d i e  s t a t i s t i s c h e  iiusxerturis zur  VerfGgxig 
s t a n d .  Die diesbeziiglicherz .ir;e.bnisse s i n d  d e r  Abb.-Kr. 6 zu e:?t- 
nehuen. Zu Ihrem Vers tBndxis  !.:v.:; vorausgesck ick t  ;.!eraen, 2s.:. o s i  332 

i2ikrO s k o ~ i s c h e n  S e s t i i m u n g  Aer illit t l e r e n  Korzdurchze s s e r  s t e t s  5.1 
X i t t e l  zu k l e i n e  , , i e r t c  er. . ; i- t tnlt  riel-den, d n  d i e  33rr-er !>ur selte9- 
i n  d e r  3bene de s g r  OE ten i c  rnd::r cl?=e s s $1-6 ?e s ci?i?i t.teii .x? z- .I ox .  
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i ,_-.: I. - ..,. 3eiinoch s i n d  d i e  &rc_;e>nisse 'bi-&xchbar, &a cillsc:'a . 1 - - - ... ._ ,.-- , 

.i:ndprodukt a i t  3 e r  g l e i c h e n  .,etjiode u n t e r s m h t  -mrden .  . 2 i e ~ p c - r ~ ~  .. -.-A-l.?2.2:c . 

kainen n i c h t  i n f r a g e ,  d:?, eininai ! - n i t  i h r  k l e i n e  Verschiebv.c;,or ix 
m i t t l e r e n  Korndurchaesss r  n i c k t  e r fa f i t  werden konnen, rnct arPe?sn 
war d i e  nechanische  , i id . l . r s - ta? idsfEhigkei t  des  z.T. s t a r k  .;eblL.'rten, 
g ra .nularverkokten  Xstsrials s o  g s r i n s ,  dal! 'bei e i n e r  Sj'ieburc,. zit 
e i n e r  u n k o a t r o l l i e r b a r e n  Z e r i l e i n e r u n g  Se rechse t  vierden rnu.Ete. Dic 
Abb.-Br. 6 z e i g t  d i e  TerZnderungen d e r  m i  t t l e r e n  Korndurchmesser ?ir 
3 S i e b s t u f e n  i n  Ab?.#ngig:ieit von Inkohlu>lgsgrzd. .le:.m von d e r  :?robe 
m i t  3 2 , 5  % Fl i ich t igen  des t? .ndte i len  abgesehen w i r d ,  i s t  f2.r d a s  
Korn 1-0,5 .m f e s t z u s t e l l e n ,  2.3.3 d e r  a i t t l e r e  Korndurchmesser der 
verkokten  Proben n i t  s-tei.,:er,aez Inlcohiungsgrad b i s  i n  den  . J c re i ch  
urn 29 5 Fl i ich t ige  S e s t z n d t e i l e  d e u t l i c h  zu .n imt ,  rn dqcn .:vieder 
abzunehinen. ;Sei den be iden  f e i i l e r en  S i .ebs tufen  k a m  von e i n e r  
d e u t l i c h e n  Zunahne d e s  rni t - t l8ren Korndurchmessers fiir d i e  verkokten .  
"roben n i c h t  mehr ges3rochen  vierden. Dieses  u n t e r s c h i e d l i c h e  Ver- 
h s l t e n  d e r  S i e b s t u f e n  einei- - Fl" 3zko!ile n a t  d i e  g l e i c h e  Urszche 
wie d i e  Porenbi lduns .  3 s  v!irxt s i c h  a l s o  auch :n_ier das V e r h a l t n i s  
von i n  d e r  Z e i t e i n h e i t  freiv!erd.ender zu a ? ; t r s n s p o r t i e r t e r  GasnecGe 
aus .  "as v e r s c h i e d e n a r t i , e  r s r h e l t e n  e i n e r  Kornung, z .2 .  d e r  
K6rnung 1 4 , 5  nun o e i  stei.;,enaer!i Inkohlunpsgrad, i s t  d&urch zu 
e r k l s r e n ,  da2  i n  deli 
d i e  Porenbilduzig bed i  t? ;;lii>ei? d e r  Xohle i i  u n t e r s c h i e d l i c h e n  
!."&e du rch  e i n  eben.fz.iis i-1 d e r  2 l a . s t i s chen  Zoize e i n s e t z e s d e s  

r s c h i  e d e ne n Ink  o h lung s b e r e i ch e n d a s ciur c 5  

Schvilinaen ko92ens ie r t  w:ird. la  ~- .:-o.ger Vereinfachung kenn g e s a z t  
vierden, d a 3  5as 3c3windvs?-T?.6gen e i n e r  iiohle n i t  s te igendem I n k o h -  

lungsgrad  a'unimnt . >t&rl:es ?&:.hen, verknC.pf t m i t  einerr, nur ger ing-  
f i lgigen jcmvin ien ,  f2.hl-t zu. ~ r e i b e r s c h e i n u o ; e n ,  d i e  e ine i i  scP1:Jeren 

' Gfengsng bed!.;i&eii kijnien. Die i i c t e r s u c h u n ~ s j e f u n d e  f Ukren  dea-scll 
zu ,Lerfi Lrgeb?is,  ds5  d . 3  .Lreiben e i n e r  Kohle durch  Z e r k l e i n e r x l -  
aufge feq.  en  we 1-6. en kiila. ii e cii t nine  . xend  e r 1.0 r n f  e iF>ie i t  B t e t E 
verbundene Vermincerung des  i c  t .ewic ' r ts ,  5 i e  v i e l f x ! ?  m i e r  
i s t ,  beeinflu.Bt den  ,:re. nick  s'e;ii,.r a.1 s v i e l f a c 3  anger.ol-l.;:ez 
wurde. ds i s t  xS,Tl ich,  durch  ,.lzug.a. . e  d s s  dchi'tt;e-::ic::.t ei::er 
d i e  zu r  7erLi;iiiderung d.es 2r2Ibdruc-ks f e i n e r  aufg.-e . le2 .:-2-5.2 , -::I-- 

.. d e r  auf den ausgrf i ,~s: :<~rt  ?;fleu::!.a;)-.n, oL:,e :!&<: d i e  :le -::-&-..s:- ._3:3T;. 
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88. J 
... , -oclicaerv!eise 1 5 6 t  s i c k  d a s  v a m i n d e r t e  Schwinden e i n e r  Xohle 

n i t  s te igendem IiiXoiilun~gsgrad durch d i e  Versnderungen i n  d e r  
P e i n s t r u l i t u r  i n  d e r  Ko:ile ex-il2.z-en. 3u.rch , l i e  Gntersuchun,en VOi1 

sic?. i:.: ?,ic.Be d e r  zlrreiten Phese de? 

inkahlui12 d i e  s-:zzif!lsc'ie Lonzen t r a t ion  und auch d e r  urdnungs,;rad 
d e r  is d e r  Xohle e n t h a l t e n e n  Bondenslerteiz kin2syste;ce e rhoh t .  Das 

b e d e u t e t ,  dai: m i t  stei;jend"ii Lnk.chlun:sg%d d e r  A'ostsnd d e r  
Aromat l aae l l en  vone inande r  k l e i n e r  w i r d .  .:lird nun d e r  Bbstand d e r  

Aronst la i ,?el len v o n c i n a d e r  dern t h e o r e t i s c h  iilaxiinaler, ijchwirzdverm8ger, 
g l e i c h g e s e t z t ,  so i s t  e s  ve:-staiidlic:i, dais Kohlen i n i t  20 $ Fliichti-  
gen d e s t a . n d t e i l e n  sc!iieciiter sch,winden 31s so lche  i n i t  30 5 Pli icht i -  
geii j e s t a n d t e i l e n  ode? !ne:ir. 3ali o e i  Kohlen m i t  weniger a l s  20 $ 
Fl i i ch t igen  d e s t a n d t e i l e , i  2.ie 1~o.i.umenzunehme d e r  Korner d e r  Sieb- 
s t u f e  1 4 , 5  !na be i  4 e r  l;raiularver$ok,ung l.iiieder a b n i m t ,  i s t  ohne 
w e i t e r e s  so zu deuteii ,  dafj b e i  d i e s e n  Kohlen 2e.n s c h l e c h t e n  S c h i n -  
den aucn  e i n  g?r ingfLiSi ,<es  3lS.hen ye:.:enii3ersteht 

3 i e  s t a r l r e  'VargroSerunz des  m i t - t l e r e n  i<orndurchmessers d e r  d i e b -  

s t u f e  1-0,5 mn der i ichle iiiit 32,2 :,; Bliichtigen 3 e s t a n 3 t e i l e n  l a B t  
s i c h  aufgrund d e r  d i s i u t i e r t e n  ZuseLzenn5ir?c;e n i c h t  erK1Sren. Da i n  
d i e s e r  S i e S s t u f e  d e r  auotieq-t;  ?./I m i t  1%,1 besonders  hoch l i e g t ,  
s c l i e i n t  e s  n i c h t  m8glich zu s e i n ,  n i t  B i l f e  d e r  Mazeralzusasmen- 
s e t z u n g  e i n e  Arklarun,: fu.? d i e  s t a r k e  Volumenzun~hnme zu f inden .  
Die Verautung, da15 i n  d i e s e r  Xoiile d i e  k r o a a t l a m e l l e n  o e s s e r  als 
normal geordne t  s i n d ,  nG.2te sic12 i n  e i n e r  n o m a 1  hohen Ref lex ions-  
a n i s o t r o p i e  gu.?ern, d i e  j e d o z h  n i c h t  f e s t y e s t e l l t  werden Irointe.  
2 s  nu!? dosha l5  w i t e r e n  2iitersuchunzeii v o r b e h a l t e n  o l e i b e n ,  warm 
de r SO i? s t f e s t s t 3 11.0 2.r e Zu. s ?..m enhang zw i s c he n 3 em Ink  o h lung  s gr ~d 
s i n e  1'5: e l  t s u3? :i 8::i 31. ::3 e n  e r e r s e i t s ,  s o f e r n  g l e i c i i e  :(:ornyrij!3-.n 

s t z l l e i i  i s t .  
*- :,ILteinaiider ver:;liciisn -:eri!eerz, b e i  e i s i g e n  Kohlen n i c h t  f e s t z u -  

i 



I 

i 

L 

! 

I 
i 



s e h r  hohe P a c k u n s s d i c i ~ t e  d e r  i c r n e r  vErl;i t t e n  d i e s e  :rnitelcesder 
unmi t t e lbar nach dem .;r?:ei ~?~uii;;: s oe g icn .  3i e 'lorsnbilzlu nz s e t  z t in 
d e r  Ee:;el e r s t  nach .?e? ::eririttung eFn. 3 i e  war vriederurr, i n  den 
groben Ksrnern s tYrrcer  ~1.1~ i n  x le iner , .  Der m i t t l e r e  Porecdurch- 
messer und auch d i e  Porenzah l  j e  Korn viaren jedoch i m  7 e r S l e i c h  zu 
denen d e r  e r s t e n  b e i d e n  Yersachsse r i en  d e u t l i c h  r e d u z i e r t ,  s o  da3 
e i g e n t l i c h  n i c h t  mekr von eineia normalen kZo%sgeflig'e gesprochen  wer- 
den  konnte ,  i n sbesonde re  dcnn, !Ireni? Kohlen ger ingen  oder  nohe3  
1n.kohlungsgrades ein;.c s e  t Z T ;  vmrden. 3 i e  s ist  darauf zuruckzuf iihren, 
daB b e i  e i n e r  s o  hohen Sch i i t t d i ch te  d i e  m i t  e i n e r  VolumenvergroBe- 
rung  verbundene Porenbi ldui ig  i n  clen Krrnern  n u r  d m n  moglich i s t ,  
wenn d e r  ganze Lokskuchen d e f o r n i e r t  :.lird. Dafiir i s t  e i n  wesent- 
l i c h  hoherer  Gasinnendruck e r f o r d e r l - i c h  21s f u r  d i e  Deformation 
e i n e s  e i n z e l n e n  Kornes (tranu.lzrverkoku.ng) oder  fiir d i e  Deformation 
d e r  Korner i n  r e l a t i v  l o s e r  Schiit t ung  (Kleinverkokungsofen, Schiitt- 
gewicht 0 , 5 ) ,  - b e i  d e r  s e l b s t  nech dem Y e r k i t t e n  d e r  Korner un te r -  
e inar ider  d i e  N o g l i c h k e i t  e i n e r  Je format ion ,  in das v e r h a l t n i s m a Q i g  
groi3e Luckenvolurnen v e r - o l e i h t .  I n  d e r  Bbb.-Br. 7 s i n d  3 Kokse aus 
3 Versuchsser ien  e i n a n d e r  gegen i ibe rges t e l l t  Die Abbildung z e i g t  
d e u t l i c h  d i e  Un te r sch iede  i in  i n i t t l e r e n  Eorendurchmesser und d e r  
Porenzahl  j e  horn. :.isn s i e h t  w e i t e r ,  da13 b e i  zu l o s e r  Schut tung  
u d z u  holier SchGttung s i c h  icein normales Koksgefsge a u s b i l d e t .  

. .  



I n t e r  e 3 s .ant e ?.?!e i s e vm_rd e 3 :,;ai z ~ l n z .  bhgi? g i g vo n d i e s e n T e r 67.: c 5 s n e 5% e TI 
von 3chterhoPf und Siiilcilis < 5) ssIi,rund von h a l b t e c h n i s c h e n  V S Y -  

si: c :1 s v e r k o kuru; en ! n i  t :i. o 4 I: o h  1 e n x i  s c h_~m en v e r c! c 4._ i e d en e r K 5 r nun 2 
und v e r s c h i  e d ene i i i  3 c gewicht , als  a,uch aufgrund t h e o r e t i s c h e r  
5 be 1-1 e cm;, en 3 i e g 1 e i ch e il ??e s t s -t e ?. liln..: e n  6 e w V c  h t . 5% a r du r c'? d 3r f t e 
bewiesen s e i n ,  d29 d i e s e  an ;'lt5z,k:ohieri i!u La3ora to r iun  e r a r b e i t e t e i  
3 r z e b n i s s e  s i c h  fUr d i e  ?KX<E ni.itzbar c3en l a s s e n  und 2 2 2  s i =  
11 i n'? t nur f i k  P1 c zk o l d  ei1 E o:i5 e r i? a.iv.91 fiir :.Li s c buns e n  v e  r s c h i  e d e ne r 
Ko hl e ar t e n mite  i n m d  e r 7.7 e  ai? d b f:.r s i  nd . 
j i e  ?L7dsfiilflrhgei? s o l l t e n  a e i c e n ,  da9 durch VerSnderung d e r  ;Cots- 

ko 111 e nk 3 rnun g und e-.un= d e r  ?;ackun:;sdichte Verbesserunzen 
d e r  Loksque l  i t 2. t o i c i-i 3 1 e i is e nd en r ~ h s  t o  If  I i ch e n  7 e r hii 1 t n i  s 
liloglich s i n d ,  so d .Leiaung v e r t r e t e n  w i r d ,  daE d i e  s e  Unfer- 
suc hu.ng s e r g  ebn i s  s e e h e  ':E r tvo  11 e E r  gcozung d e r  Arb e i  t e n  von 
.bnosov und Lkeain  ( 2 ,  5) e i n e r s e i t s ,  und Schapi ro ,  Gray, Susner  
( 1 6 )  und , I a r r i son  ( 7 )  a d e r e r s e i t s  d a r s t e l l t .  
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Abbildung-Xr. 1 : D a s  Verhiltnis R/I fur d i e  Einsatzkohlen 'ZUT 
Granularverkokung, aufgeteilt nach Siebetufen. I 

4 , 3  4.9 5,2 9.0 

3 9 0  3.8 4,3 6,1 


